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(57) Ultrafino particle-layered film for coating cutting 
tools. The film (2) has more than two layers of at least 
two compounds consisting mainly of carbide, nitride, car- 
bonitride or oxide of at least one element selected from 
a group consisting of IVa group elements, Va group ele- 
ments, Via group elements, Al, Si and B, and that each 
layer is made of ultrafine particles. Ultrafine particle-lay- 
ered film improves hardness, strength, wear-resistance 
and heat-resistance of the tools. 
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Description 

Background of the Invention 
5 Field of the Invention 

The present invention relates to a layered film made of ultrafine particles ("ultrafine particles-layered film", herein- 
after) for coating cutting tools and a composite material for tools possessing the film which are improved in hardness, 
strength, wear-resistance and heat-resistance. 
10 The present invention is advantageously applicable to cutting tools whose substrate is made of CBN sintered body, 

diamond sintered body, silicon nitride sintered body, aluminum oxide-titanium nitride sintered body, cemented carbide, 
cermets or high speed tool steel 

Description of the related art 

is 

Tools of high speed steel and cemented carbide are coated with a thin film of carbide, nitride or carbonitride of 
titanium so as to improve wear-resistance, in an application where higher hardness and higher strength at elevated 
temperatures are required, tools made of sintered body such as cubic boron nitride (CBN) sintered body, diamond 
sintered body, silicon nitride sintered body and aluminum oxide-titanium carbide are used. 
20 However, heat-resistance and wear-resistance of known tools are becoming insufficient for recent requirement, so 

that known cutting tools are difficult to be used in severe cutting conditions including high speed cutting and high per- 
formance cutting. 

An object of the present invention is to improve wear-resistance, heat-resistance and corrosion-resistance of cutting 
tools, wear-resisting tools, sliding parts or machine parts. 
25 Another object of the present invention is to provide a hard composite material for tools, which possesses higher 

strength of base material and is improved in wear-resistance, hardness at elevated temperatures and corrosion-resist- 
ance, and which can be used in cutting work of hardened steels, high-grade high-hard cast iron or other materials which 
are difficult to be cut. 

30 Summary of the Invention 

The present invention provides ultrafine particle-layered film, characterized in that the film has more than two layers, 
each layer is made of a compound consisting mainly of carbide, nitride, carbonitride or oxide of at least one element 
selected from a group comprising IVa group elements, Va group elements, Via group elements, Al, Si and B, and each 
35 layer is made of ultrafine particles. 

The present invention provides also a hard composite material for tool coating, characterized in that the tool has 
the ultrafine particle-layered film on at least a portion of a surface of substrate of tool where cutting is effected. 

The ultrafine particle-layered film according to the present invention is based on a novel idea and is different from 
known concepts. Therefore, the ultrafine particle-layered film and the hard composite material for tool coating according 
40 to the present invention will be explained with referring to Fig. 1 and 2. 

Brief Description of the Drawings 

Fig. 1 is an illustrative cross sectional view of a hard composite material for tool coating including a ultrafine parti- 
es cle-layered film according to the present invention. 

Fig. 2 is an enlarged illustrative cross sectional view of a ultrafine particle -layered film according to the present 
invention. 

Fig. 3 is a view similar to Fig. 2 but in which the ultrafine particle-layered film has a composition modulated layer. 
Fig. 4 is a view similar to Fig. 2 but in which the ultrafine particle-layered film has a mixed layer. 
60 Fig. 5 illustrates first embodiment of an apparatus for preparing the ultrafine particle -layered film according to the 

present invention. 

Fig. 6 illustrates second embodiment of the apparatus for preparing the ultrafine particle-layered film according to 
the present invention. 

Fig. 1 illustrates a cross sectional view of a hard composite material for tool coating according to the present inven- 
ts tion. The hard composite material comprises a ultrafine particle-layered film (1) consisting of unit layers (a) and (b) 
deposited alternatively and repeatedly on a substrate (2). An intermediate layer (3) and a surface layer (4) can be formed 
optionally. Each layer (a) or (b) of the ultrafine particle-layered film is emphasized in Fig. 1 but its actual thickness is 1 
nm to 100 nm, more preferably 1 nm to 50 nm, and more pref rabty 1 nm to 10 nm, which is about 1/100 of thickness 
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of the intermediate layer (3), which is 0.05 urn to 5 u.m thick and thickness of the surface layer (4) which is 0.1 |im to 5 
urn thick respectively. 

Fig. 2 is an illustrative enlarged cross section of the ultrafine particle- layered film (1 ). As is seen in Fig, 2, each layer 
(a) and (b) of the ultrafine particle-layered film (1 ) consists of ultrafine particles. In Fig. 2, "d t " and "d 2 " are particle sizes 
s of particles for each layer (a) and (b). A graph shown at right side of Fig. 2 illustrates a variation in composition in the 
ultrafine particle-layered film along the thickness direction. One can understand that proportions of elements in two 
layers "a" (solid line) and "b" (dotted tine) are repeated alternately along the thickness dir ection. 

The ultrafine particle-layered film according to the present invention have preferably at least one layer made of a 
compound whose crystal structure is cubic system and at least another one layer made of a compound whose crystal 
10 structure is not cubic system and/or is amorphous. The compound of non-cubic system is preferably compounds whose 
crystal structure is hexagonal system. 

The compound whose crystal structure is cubic system is preferably nitride, carbide or carbonitride containing at 
least one element selected from a group comprising Ti, Zr, Cr, V, Hf, Al and B. The compound whose crystal structure 
is not cubic system or of amorphous is preferably nitride, carbide or carbonitride containing at least one element selected 
is from a group comprising Al, Si and B, in particular aluminium nitride (AIN). 

Particle size of each layer can be nearly equal to a thickness of each layer and/or can be different in two layers. 
Alignment of the lattices of adjacent particles is not specially required. 

Each layer of the ultrafine particle-layered film according to the present invention can be a composition modulated 
layer in which composition change gradually and continuously between adjacent two layers or can has a mixed layer of 
20 adjacent two layers. 

Fig. 3 and Fig. 4 illustrate structures of the ultrafine particle-layered film having the composition modulated layer 
and the mixed layer respectively. The composition modulated layer or the mixed layer (c) is interposed between adjacent 
layers (a) and (b). ; 

The compound from which each layer of the ultrafine particle-layered film is made can consist of different elements 
25 or can contain common element(s). For example, two layers can be TiC and AIN or can be (Ti x Al t . x )N and (Ti y Al 1-y ) 
N in which 0 ^ x, y < t and x * y. 

The ultrafine particle-layered film can consist of two compounds repeated alternately or of more than three com- 
pounds repeated successively. Preferably, at least one compound is a compound having mainly metallic bond property 
and at least another one compound is a compound having mainly covalent bond property. For example, preferably, the 
30 former is TiN and the later is AIN. 

Lamination cycle can be maintained at a constant value or can be changed regularly or irregularly, if necessary. 
"Lamination cycle" is a distance between one layer and next layer of the same compound (a). In case of Fig. 2, the 
lamination cycle is a repeating unit of successive two layers (a) and (b) and is a sum X of their thickness [ X = (a) + (b) ]. 

The optimum ratio of unit layers in thickness (for example, a ratio of thickness of (a) to (b) of Fig. 1) depends on 
35 combination of compounds and properties required in the ultrafine particle -I aye red film. Generally, the ratio is within 1:10 
to 10:1. 

The ultrafine particle-layered film can be prepared by physical vapour deposition (PVD) technique such as sputtering 
and ion -plating which permits to perform surface -treatment of substrate or tool without deteriorating its inherent strength 
and high-resistances to wear and breakage. In PVD, arc-ion plating which can highly ionize material elements is pref- 
40 erably used. The arc-ion plating technique permits to increase adhesion to the substrate and to improve crystallinity of 
a film deposited. 

In particular, reactive PVD technique is preferably used. In fact, higher ionization rates can be obtain by the reactive 
PVD technique in which a target or plural targets of metal or alloy containing at least one elements selected from IVa, 
Va, Via elements, Al, Si and B is used together with a gas containing at least one of C, N and O as materials. Other gas 

45 than material gas, such as inert gas of Ar and He and etchant gas of H 2 can be introduced into a film-forming chamber. 

When the ultrafine particle-layered film according to the present invention is applied to cutting tools, in particular to 
cutting tips, it is preferable to coat face and flank of the tip with different ultrafine particle-layered films possessing different 
lamination cycles which depend to properties required in face and flank respectively. 

Fig. 5 is an illustrative view of first embodiment of an apparatus for producing the ultrafine particle-layered film ^ 

50 according to the present invention. In this embodiment, each substrate (1 2) such as tool or tip is held on a periphery of 
a rotary holder (15). While the rotary holder (15) is rotated, vapor of Al and Ti are created from two vapour sources (10, 
1 1 ) and also arc discharge is created by an arc electrode (20) in nitrogen gas atmosphere so that ultra thin films of AIN 
and TiN are deposited alternately on a surface of the substrate (12). In this embodiment, a shade or mask (16) is used 
so as to produce a ultrafine particle-layered film having substantially no composition modulated layer (a/b/a/ — ). Or, 

55 a ultrafine particle-layered film (1 ) (Fig. 1 ) having a distribution in composition shown in the right side of Fig. 2. is formed 
on the substrate (2). 

Fig. 6 is an illustrative view of second embodiment of the apparatus for producing the ultrafine particle-layered film 
according to the present invention. This second embodiment differs from the first embodiment in that composition mod- 
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ulated layers (c)can be formed in this case. Intact, four vapour sources (10, 10', 11, 1V) of AlandTi surround the rotary 
holder (15) so that the composition modulated layers (c) are formed at zones where both vapor of Ti and Al arrive to 
produce a nitride of Ti and Al. Fig. 3 and Fig. 4 illustrate ultrafine particle-layered films obtained by this embodiment and 
each graph shown at the right side of these figures shows a distribution in components of the resulting ultrafine parti- 
5 cle-layered film. 

At least one intermediate layer (3) having a thickness of 0.05 urn to 5 urn is preferably interposed between the 
substrate (2) and the ultrafine particle-layered film (1 ). This intermediate layer (3) is preferably made of a material selected 
from a group comprising boride, nitride, carbide and oxide of IVa, Va and Via elements and their solid solutions. The 
intermediate layer (3) functions to increase adhesion between the ultrafine particle-layered film (1) and the substrate 

io (2). Such intermediate layer is expected to reduce residual stress in the film deposited on a substrate which differs from 
the film in its property by assuring gradual control of its properties. 

A surface layer (4) having a thickness of 0.1 jjm to 5 u,m can be deposited on an outer surface of the ultrafine 
particle-layered film (1 ). The surface layer (4) is preferably made of a material selected from a group comprising nitride, 
carbide, carbonitride and oxide of IVa, Va and Via elements. 

is Nitride, carbide, carbonitride and oxide of IVa, Va and Via elements are very hard so that they are expected to be 

used as wear-resisting coating materials. The present invention is characterized in that at least two compounds arc 
deposited alternately in a form of ultrafine particle-layered film consisting of a plurality layers each having a thickness 
of nanometer order and consisting of fine particles possessing particle size of nanometer order. The ultrafine particle-lay- 
ered film shows improved strength, wear- resistance, tenacity and resistance to breakage. 

20 According to the present invention, it is believed that, by laminating more than two compounds each having different 

mechanical properties such as elastic constants and Poisson's ratios and each consisting of fine particles having particle 
sizes of nanometer order so that each layer has a thickness of nanometer order, resistance to propagation of dislocation 
in each layer can be increased or dislocations is prevented, or dislocations which propagate between adjacent layers 
or adjacent particles can be arrested at the interface of adjacent layers and/or at grain boundary, so that plastic defor- 

25 mation of the film can be decreased. Development of crack can be arrested at the interfaces so that fracture-resistance 
of the film is improved. 

Preferably, the thickness of each layer is not higher than 1nm, to ensure that a stratified structure is maintained. 
The advantages of the present invention cannot be guaranteed even if diffusion of consistent elements is reduced to 
very low level if the thickness is not higher than 1 nm. If the thickness of each layer exceeeds 100 nm, the effect to 

30 prevent dislocation can be lost. Therefore, the thickness of each layer is preferably in a range of 1 nm to 50 nm. 

Still more, if the particle size of particles of which each layer is made is not higher than 1 nm, structure of each 
particle can become very unstable and a particulate structure could disappear due to diffusion, or the particle size in- 
creases due to recombination of adjacent particles so that the resulting particle has a particle size of higher than 1 nm. 
The remarkable advantages in wear-resistance is thus not always apparent even if fine particles having particle sizes 

35 of lower than 1 nm are produced. On the contrary, if the particle size exceeds 100 nm, the effects to prevent dislocation 
and crack tends to be lowered. Therefore, it is preferable to select the particle size of each particle in a range of 1 nm 
to 50 nm. However, the choice of particle size will overall depend on applications and quantity criteria, and need not 
necessarily be confined to these ranges. 

There is no special limitation in a relation between the thickness of each layer and the particle size. However, 

40 excessive growth of a particle over a thickness result in disorder of stratified structure. Therefore, the maximum particle 
size is preferably the same value as the thickness, is at most about 1.1 times of the thickness or less. 

Japanese patent laid-open No. 5-80547 discloses a multi-layered protective film or fine particle dispersion film. In 
this patent, however, the protective film must have an interface which is coherent to lattices of crystals. In the present 
invention, the above-mentioned advantages can be realized only when two of the stratified structure and the ultrafine 

45 particle structure are realized simultaneously. In other words, the above-mentioned advantages can not be obtained by 
one of the stratified structure and the ultrafine particle structure alone. 

Still more, in the present invention, coherency to lattices of crystals at interface is not required and, in some cases, 
there is such danger that advantages of the present invention are lost if an interface between particles in a layer is 
coherent. In other words, the present invention is different from the idea disclosed in Japanese patent laid-open No. 

50 5-80547 in which existence of coherent interface is indispensable. 

Therefore, the ultrafine particle-layered film according to the present invention is advantageously formed on a tool 
having a substrate made of CBN sintered body, diamond sintered body, silicon nitride sintered body, aluminium oxide-ti- 
tanium carbide sintered body cemented carbide, cermets or high speed steel at least a portion where cutting is effected, 
so as to improve wear-resistance, machinability and fracture-resistance and to increase tool life. 

55 The above-mentioned advantages become remarkable when one layer to be stratified has a crystal structure of 

cubic system and another layer has a crystal structure of other than the cubic system and/or is amorphous due to their 
mechanical properties or anisotropy in mechanical properties caused by anisotropy in crystal structure. The crystal 
structure other than the cubic system is preferably hexagonal. 
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Nitride, carbide and carbonitride of Ti, Zr, Cr, V or Hf have a crystal structure of cubic system and possess improved 
hardness, heat-resistance, resistance to oxidation and chemical resistance. Therefore, these materials are suitable to 
prepare the ultrafine particle-layered film according to the present invention. Nitride, carbide and carbonitride of their 
alloys or alloy with A) are suitable because it is known that they are better in the above-mentioned properties. Cubic 

5 boron nitride (CBN) which is a nitride of B is the hardest material next to diamond and possesses higher heat-resistance 
and oxidation-resistance than diamond. It is easily estimated that alloy compounds between these compounds and B 
also may possess superior properties. Therefore, these materials also are suitable to prepare the ultrafine particle-lay- 
ered film according to the present invention 

As the compound whose crystal structure is not cubic system or amorphous, carbide, nitride or carbonitride of Al, 

10 Si or B show improved hardness, chemical stability and heat-resistance. In particular, AIN possessing hexagonal crystal 
structure is suitable to combined with the metallic bond compound having cubic system since AIN is improved in the 
above-mentioned properties and possess covalent bond property. AIN has Wurtzite type structure under an equilibrium 
condition at ambient temperature and pressure but has NaCI type structure at elevated pressure. It is reported that 
Wurtzite type (hexagonal system) AIN has a property to produce an inclined wave without creating shock wave when it 

is is compressed with impact, resulting in that the ultrafine particle-layered film according to the present invention can be 
protected from impact damage and hence wear-resistance and breakage- resistance are advantageously improved. 

A preferred compound is nitride of Ti and Al, and in particular Ti x AI Vx N (x > 0.25) having cubic structure and TiyAI^N 
(y ^ 0.25) having hexagonal structure 

Compounds improved in oxidation-resistance and chemical stability of the above-mentioned compounds, by adding 

20 a small amount of rare earth elements such as yttrium or oxygen, provided that their crystal structure and properties are 
not influenced badly, are also suitable to improve the properties of the the ultrafine particle -layered film according to the 
present invention. 

When separation of adjacent layers occur at the interface between adjacent two layers where mechanical properties 
change, it is preferable to interpose, between adjacenftwb layers, a composition modulated layer in which composition 

25 changes gradually and continuously or a mixed layer in which compounds of adjacent layers are mixed. This solution 

improves resistance to separation and reduces wear caused by micro flaking. — — ™ 

Therefore, the ultrafine particle-layered film according to the present invention permits to improve wear-resistance, 
oxidation-resistance, fracture-resistance and resistance to welding and to increase tool life for tools having a substrate 
made of cemented carbide, cermets and high speed steel. 

30 It is known that hardness of a thin film is influenced by the hardness of a substrate on which the thin film is deposited 

and this influence becomes accelerated greatly with the decrement of thickness of the thin film, so that the hardness of 
thin film approach to the hardness of substrate. Therefore, it is preferable to use a substrate made of CBN sintered body, 
diamond sintered body, silicon nitride sintered body or aluminium oxide-titanium carbide sintered body which possesses 
very high hardness at elevated temperatures, so as to maintain high hardness and to improve wear-resistance of the 

35 ultrafine particle-layered film according to the present invention at elevated temperature. 

In the hard composite material for tools according to the present invention, if the thickness of of the ultrafine parti- 
cle-layered film is not higher than 0.5 u.m, no improvement in adhesion is observed. On the contrary, if the thickness of 
the ultrafine particle-layered film exceeds 15 jim, adhesion to the substrate become lower because of influence of re- 
sidual stress in the ultrafine particle-layered film and advantage of the ultrafine particle-layered film can not be expected 

40 so that wear-resistance becomes lower. Therefore, the thickness of the ultrafine particle-layered film is preferably in a 
range of 0.5 u.m to 1 5 jim. 

Improvement in adhesion of the intermediate layer (3) is not observed when the thickness thereof is not higher than 
0.05 (im and exceeds 5 um Therefore, the thickness of the intermediate layer (3) is preferably selected in a range 
between 0.05 and 5 jim from the view point of productivity. The thickness of the surface layer (4) formed on the ultrafine 

45 particle-layered film according to the present invention is preferably in a range between 0.1 urn and 5 um Improvement 
in wear-resistance is not observed in a thickness of not higher than 0. 1 jim. Thickness of more than 5 |im also show no 
improvement in wear-resistance due to peel-off or other reasons. 

The hard composite material for tools according to the present invention can be shaped or machined into and 
advantageously used as cutting tools such as tip, drills and end mills. It was confirmed that tools prepared from the hard 

50 composite material for tools according to the present invention show surprisingly superior cutting performance and long 
lives. 

In a cutting tip, it is confirmed that the cutting performance and life of the cutting tip increase remarkably when the 
lamination cycle of the ultrafine particle-layered film at the face is bigger than the lamination cycle at the flank. In a 
different tip having a different shape and application, the cutting performance and life of the cutting tip increase remark- 
55 ably when the lamination cycle at the flank is bigger than the lamination cycle at the face. This means that required 
properties such as wear-resistance and acid-resistance for the face and flank are depend to applications and optimum 
lamination cycle may be different from each other. 

The substrate (2) can be selected from following preferable three CBN sintered bodies (1) to (3): 
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(1) CBN sintered article containing 30 to 90 % by volume of cubic boron nitride (CBN), reminding parts being a 
binder consisting of at least one member selected from a group comprising nitride, carbide, boride and oxide of IVa, 
Va and Via elements and their solid solutions and aluminium compound, and inevitable impurities. The binder consist 
preferably of 50 to 98 % by weight of at least one member selected from a group comprising TiC, TiN, TiCN, (TiM) 
C, (TiM)N and (TiM)CN in which M is a Iransition metal selected from IVa, Va nd Via elements excepl Ti and 2 to 
50 % by weight of aluminium compound. 

(2) CBN sintered body containing 40 to 95 % by volume of cubic boron nitride (CBN), remaining parts being at least 
one binder selected from a group comprising TiN, boride and carbide of Co or W, aluminum nitride, aluminum boride 
and their solid solutions and inevitable impurities. The binder contains preferably 1 to 50 % by weight of TiN. 

(3) CBN sintered body containing more than 90 % by volume of CBN crystalline particles, remaining parts being a 
binder consisting of boronitride of la or I la elements and TiN and inevitable impurities. 

The binder contains preferably 1 to 50 % by weight of TiN. 

CBN sintered body of the type (1 ) itself is known and its properties and its production method are described in details 
in the Japanese patent publication-A-53-77811. 

CBN sintered body of the type (2) can be prepared by adding TiN to a binder disclosed in the Japanese patent 
patent publication-B-52-43846. Addition of TiN increase adhesion to the laminated film (1 ) of the present invention. 

CBN sintered body of the type (3) can be prepared by adding TiN to a binder disclosed in the Japanese patent 
publication-A-59-57967. Addition of TiN increase adhesion to the laminated film (1 ) in this type CBN sintered body also. 

The substrate (2) can be based on diamond sintered bodies containing more than 40 % by volume of diamond: 

(t ) a diamond sintered body containing 50 to 98 % by volume of diamond, the remainder being preferably iron family 
element and inevitable impurities. The iron family element is preferably Co. 

(2) a diamond sintered body containing 60 to 95 % by volume of diamond, the remainder comprising preferably iron 
family element at least one member selected from a group comprising carbide and carbonitride of IVa, Va and Via 
elements, WC and inevitable impurities. 

(3) a diamond sintered body containing 60 to 98 % by volume of diamond, the remainder comprising preferably 
silicon carbide, silicon, WC and inevitable impurities. 

The diamond sintered bodies possess particularly higher strength among known diamond sintered bodies and con- 
tain at least one member selected from a group comprising iron family element, carbide and carbonitride of IVa, Va and 
Via elements, silicon nitride and silicon. It was confirmed also that these materials are effective to bond the ultratine 
particle-layered film to the substrate. 

It is preferable to interpose an intermediate layer (3) having a thickness of 0.05 u.m and 5 fim and made preferably 
of a material selected from a group comprising boride, nitride, carbide and oxide of IVa, Va and Via elements and their 
solid solutions between the substrate (2) and the ultrafine particle-layered film (1) so as to improve bonding strength. 

The substrate (2) can be a silicon nitride sintered body containing 90 % by volume of silicon nitride, preferably 
prepared by the technique of HIP. Reminding of this silicon nitride sintered body comprise at least one member selected 
from a group comprising aluminum oxide, aluminum nitride, yttrium oxide, magnesium oxide, hafnium oxide, rear earth 
and inevitable impurities. 

Onto the silicon nitride sintered body, an intermediate layer (3) having a thickness of 0.05 urn and 5 urn and made 
preferably of a material selected from a group comprising boride, nitride, carbide and carbonitride of IVa, Va and Via 
elements is deposited, and then the ultrafine particle-layered film can be deposited by using an apparatus shown in Fig. 
5 and Fig. 6. 

TiN can be added to the silicon nitride sintered body so as to improve adhesion to the ultrafine particle-layered film. 

The substrate (2) can be a sintered body made of 20 to 80 % by volume of aluminum oxide and 75 to 15 % by 
volume of titanium carbide. Reminding of this sintered body can be oxide of at least one element selected from a group 
comprising Mg, Y, Ca, Zr, Ni and Ti and inevitable impurities. A preferable sintered body comprises 65 to 70 % by volume 
of aluminum oxide and 30 to 25 % by volume of titanium carbide, the remainder being oxide of Mg, Y or Ca and inevitable 
impurities. 

TiN can be added to the aluminum oxide-titanium carbide sintered body so as to improve adhesion to the ultrafine 
particle-layered film. 

Thus, the hard composite material for tool coating according to the present invention has a layered structure con- 
sisting very thin unit layers each consisting of ultrafine particles and which can improve resistances to heat t welding, 
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oxidation, breakage and micro-chipping and improve sliding property, still more, possesses tenacity as well as equal or 
higher hardness than the conventional hard coats, and can be prepared by PVD technique, so that cutting tools or 
wear-resisting tools having the hard composite material for tool coating according to the present invention show long 
tool lives. 

5 The hard composite material for tool coaling according to the present invention can be used to sliding parts whose 

surface is required to be resistant to wear so as to prolong its life in addition to cutting tools and wear-resisting tools. 

Description of the Preferred Embodiments 

10 The present invention will be described in more details referring to Examples, but the present invention is not limited 

to these Examples. 

In Examples, the thickness of each layer and the particle size of each particle were determined by a transmission 
electron microscope (TEM), a variation in composition was measured by a micro area energy dispersion type X-ray 
analyzer (EDX) installed in the transmission electron microscope. The variation in composition can be determined by 
is ESCA or SIMS also. 

Crystal structure in the ultrafine particle-layered film was determined from X-ray diffraction pattern and from trans- 
mission electron scattering pattern in a micro area by using the transmission electron microscope. The X-ray diffractiop 
pattern was obtained by using Cu target and a diffract meter of nickel filter (Cu-Kot, 8-26). 

20 Example 1 

On a cutting tip of cemented carbide having a composition of JIS P30 and a shape of ISO SNGN 120408, a ultrafine 
particle-layered film according to the present invention was deposited by ion plating with vacuum arc discharge. 

As is shown in Fig. 5 or Fig. 6, a plurality of targets 10(10'), 11(11') were set in a vacuum chamber and a plurality 
25 of the cutting tips (12) were held on a rotary holder (15) arranged at the center of the targets. Thickness and particle 
size in each layer and variation in composition were controlled by adjusting revolution number of the rotary holder (15), 
current density of vacuum discharge (evaporation rate of target materials), position and number of the targets and 
atmosphere pressure. 

In operation, after the vacuum chamber of Fig. 5 or Fig. 6 was evacuated to a pressure of 10 -5 Torr, argon (Ar) gas 
30 was introduced to create a pressure of 10~ 2 Torr, the tips were heated to 500 °C and a voltage of -1 ,000 V was applied 
to the tips to cleaned surface of the tips. After then, argon gas was evacuated. Then, at least one of nitrogen (N 2 ) gas, 
CH 4 gas and Ar gas was introduced at a rate of 200 cc/min in a function of the revolution number of the rotary holder 
and of time and simultaneously targets of IVa, Va or Via elements, Al, silicon or their alloys were vaporized and ionized 
in arc discharge, so that a reaction product between the target materials and N or C in the gas was deposited on the 
35 rotating tips when the tips passes through respective targets. 

For comparison, the conventional coating films were deposited on tips prepared by the same method (Sample No. 
50 to 52). Sample No. 50 was prepared by known CVD technique in which a combination of TiN and Al 2 0 3 was deposited 
as a hard coat layer. In Sample No. 51, layers of TiN and HAIN were coated by known ion plating with vacuum arc 
discharge technique on the same tip having the same composition and same shape. Sample No. 52 was prepared by 
40 known sputtering technique by using two targets of TIC and ZrN. 

Table 1 shows ultrafine particle-layered films (Samples No. 1 to 49) prepared as above. 

Table 2 shows thickness and particle size of each layer were determined by a transmission electron microscope. 

The results of flank wear-resistance tests (continuous cutting and intermittent cutting) of the resulting tips also are 
summarized in Table 2. The wear-resistance test was effected on following conditions: 

45 





continuous cutting 


intermittent cutting 


test piece 


SCM 435 


SCM435 


cutting velocity (m/min) 


230 


230 


feed (mm/rev) 


0.35 


0.3 


cut depth (mm) 


2 


1.5 


cutting time duration (min) 


15 


20 
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Flaak wear (mm) 


off & on 
cutting 


0.22 
0.12 
0.11 

0.12 

0.12 

0.11 

0.12 

0.24 

0.28 

0.22 

0.29 

0.11 

0.1 1 

0.10 

0.08 


continuous 
cutting 


0.20 

0.13 

0.10 

0.09 

0.12 

0.11 

0.12 

0.13 

0.22 

0.30 

0.18 

0.31 

0.12 

0.10 

0.10 

0.09 


Wear-resitant layer (structure of ultrafine particle-layered film) 


Crystal structure 
(a) (b) 


cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 


Maximum 
partilce size 

(nm) 
(a) (b) 


0.8 1.0 
L0 1.0 
5.2 3.1 

5.1 6.1 
9.8 12.1 

24.5 5.2 
50.0 41.4 

85.6 50.0 
100.0 80.7 

5.0 15.0 

6.2 5.0 
6.2 5.0 
6.2 5.0 
6.2 5.0 
6.2 5.0 


thickness 
(nm) 

(a) (b) 


0.8 1.0 

1.0 1.0 
5.2 3.1 

5.1 6.1 
9.8 12.1 
18.0 18.1 

24.5 5.2 
50.0 41.4 

85.6 50.0 
100.0 80.7 

5.0 10.0 

6.2 5.0 
6.2 5.0 
6.2 5.0 
6.2 5.0 
6.2 5.0 


materials 
of each layer 

(a) (b) 
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Hank wear (mm) 


off & on 
cutting 


0.33 
0.09 
0.10 
0.09 
0.12 
0.27 
0.09 
0.14 
0.15 
0.11 
0.14 

0.15 
0.13 
0.13 
0.16 
0.16 


continuous 
cutting 

i ■ 


i 0.34 
0.10 
0.09 
0.09 

0.24 
0.10 
0.15 
0.16 
0.10 
0.15 

0.14 
0.12 
0.14 
0.17 
0.15 


Wear-resitant layer (structure of ultrafine particle-layered film) 

i 


Crystal structure 
(a) (b) 


cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic hexagonal 
cubic cubic 
cubic cubic 
cubic cubic 
cubic cubic 
cubic cubic 
cubic cubic 
cubic cubic 

cubic hexagonal 
cubic amorpyous 
cubic amorpyous 
cubic amorpyous 
cubic hexagonal 


Maximum 
partilce size 

(nm) 
(a) (b) 


7.0 9.1 

5.0 6.0 

7.0 5.0 

4.0 8.0 

11.0 10.0 
in n 7 

10.0 7.0 
15.0 8.5 
7.2 22.0 

5.4 2.0 
32.0 10.0 

45.0 21.2 
12.5 15.3 
12.8 15.3 

8.5 7.7 
9.7 7.7 


thickness 
(nm) 

(a) (b) 


6.2 5.0 
5.0 6.0 
7.0 5.0 
4.0 8.0 
11.0 10.0 
1.0 1.0 
10.0 7.2 
15.0 8.5 
7.2 22.0 

5.4 2.0 
32.0 10.0 

45.0 21.2 
12.5 15.3 
12.8 11.0 

8.5 7.7 
9.7 7.7 


materials 
of each layer 

(a) (b) 
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The results summarized in Table 1 and Table 2 reveal that the conventional tip (Sample No. 50) whose hard coating 
layer was prepared by the conventional PVD technique has not sufficient resistance to breakage because its base 
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material deteriorate in tenacity. On the contrary, tips according to the present invention (Sample No. 1 to 49) show 
superior wear-resistance in both of continuous and intermittent cutting operations and also show improved resistance 
to breakage since their hard coat layers were prepared by PVD technique which can reserve the tenacity of base material. 

The results of Sample No. 1 to 10 reveal that thickness of the ultrafine particle-layered film according to the present 
s invention is preferably in a range of 1 nm to 50 nm. In fact, Sample No. 11 shows lower wear-resistance because the 
maximum particle size of a AIN particle in its ultrafine particle-layered film was bigger than a thickness of the layer of 
AIN, so that no clear stratified structure was observed. Sample No. 39 also showed lower wear-resistance because the 
maximum particle size of particles in CrN layer was only 0.7 nm. 

The results of Sample No. 12 to 20 reveal that the optimum thickness of the intermediate layer is 0.05 nm to 5 (am. 
10 The results of Sample No. 21 to 27 reveal that preferable total thickness of the ultrafine particle-layered film is 0.5 

jam to 15 urn 

The results of Sample No. 28 to 34 reveal that the optimum thickness of the surface layer is 0.1 jam to 5 jim. 

High wear-resistance and breakage-resistance were observed in Sample No. 47 having a composition modulated 
layer in which proportions of Ti and Al changed continuously interposed between adjacent two layers of TiN and AIN. 
is Same results were observed also in Sample No. 48 having a composition modulated layer in which proportions of TiZr 
and Cr changed continuously and in Sample No. 49 having a layer of intermediate composition of Hf 0 6 Cr 0 4 N between 
adjacent two layers of HfN and CrN. 

Example 2 

20 

Powder of TiN and powder of aluminium were mixed at a ratio of 80 : 20 by weight in a pot made of cemented 
carbide alloy containing balls of the same material to obtain a binder powder. Powder of CBN was mixed with the binder 
powder at a ratio of 70 : 30 by volume and the resulting powder mixture was sintered at 1,400 °C under a pressure of 
48 kb for 20 minutes in a container of Mo. The resulting sintered article was shaped into a tip for cutting tool. 
25 The ultrafine particle-layered film according to the present invention was deposited on the resulting tip as substrate 

by the same method as Example 1 (Sample No. 101 to 131). 

For comparison, the conventional coating films were deposited on tips prepared by the same method (Sample No. 
132 to 135). The results are summarized in Table 3 and Table 4. 

In Table 3 and Table 4, star mark (*) indicates examples outside the present invention. For example, Sample No. 
30 101 is outside the present invention because its ultrafine particle-laminated film (total thickness of 5.1 |im) has a layer 
of TiN (0.8 nm) and of AIN (0.9 nm) and of lamination cycle = 1 .7 nm. 

Sample Nos. 132 to 135 are comparative examples of known cutting tips having the conventional coating layers. 

Sample Nos. 132 and 134 each have a hard coat layer of TiCN layer and/or TiN layer prepared on a tip prepared 
by the same method as above by ion-plating technique under vacuum arc discharge in usual film forming machine. 
35 Sample No. 133 has a hard coat layer of a combination of TiN and Al 2 0 3 layer prepared on a tip prepared by the 

same method as above by usual CVD technique. 

Wear-resistance of the resulting tips was determined by cutting test in which a round steel rod (SUJ2) having a 
hardness of HRC60 was cut along its periphery at a cutting speed of 150 mm/min, a depth of cut of 0.2 mm, a feed of 
0.1 mm per revolution and for 20 minutes in a dry condition to measure a flank wear width (mm). Results are summarized 
40 in Table 4. 
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Example 3 

The procedure of Examples 1 was repeated but a film forming apparatus shown in Fig. 6 was used (totally four 
targets of Tt and Al were used) and a laminated film was prepared from the same material under the same conditions 
as Sample No. 118 (TiN layer = 2.5 nm and AIN layer = 2.4 nm). 

The flank wear of this Example was 0. 1 00 mm. 

Example 4 

Procedure of Example 1 was repeated but the content (vol %) of CBN in the substrate and compositions (wt %) of 
binder were changed to those shown in Table 5. X-ray diffraction patterns of the resulting sintered articles revealed 
existence of inevitable contaminations which were thought to be a-AI 2 0 3 , WC and Co. 

The resulting CBN sintered body was shaped into a tip for cutting tool and an intermediate layer of TIN having a 
thickness of 2 pm was deposited on portions of the tip where cutting participate by usual PVD technique and then the 
ultrafine particle-layered film consisting of TiN and AIN deposited alternatively to the total thickness of 5.3 um TiN layer 
had a thickness of 2.5 nm and AIN layer had a thickness of 2.4 nm. In operation, the film forming apparatus shown in 
Fig. 5 was used. . 

Table 5 shows time until damage (= a time duration until the tool was damaged: min) which was determined when 
a round steel rod of carburized hardened SCM415 was cut by the resulting tools along its periphery. 
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Example 5 

A diamond sintered body was prepared from diamond powder, powder of iron family element, and powder of at 
least one of carbide or carbonitride of I Va, Va and Via elements, WC, Si and SiC. The content of diamond and combination 
of powders are summarized in Table 6. Material powder mixture was sintered at t ,500 °C under a pressure of 60 kb for 
30 minutes in a container of Mo. The resulting sintered article was shaped into a tip for cutting tool. 

On portions of the tip wher cutting participate, an intermediate layer of TIC (3 fim) was deposited by th same 
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method as Example 2 and then TiN layer and AIN layer were deposited alternately by the same method as Example 2 
to obtain ultrafine particle-layered film (thickness of 5.2 u.m). Thickness of each layer was 2.5 nm and the lamination 
cycle was 5.0 nm. Operation was carried out in the apparatus shown in Fig. 5. 

The resulting tips were evaluated by cutting test in which a round steel rod prepared by a combination of FCD 600 
and 16 % Si - Al alloy (cutting ratio - 1:1) was cul along its periphery at a cutting speed of 200 mm/min, a depth of cut 
of 0.3 mm, a feed of 0.2 mm per revolution for 20 minutes in wet condition to measure a flank wear width (mm). Results 
are summarized in Table 6. 
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Example 6 

A silicon nitride sintered body was prepared from a powder mixture of silicon nitride powder, aluminium oxide powder 
and yttrium oxide powder mixed at proportions by volume of 95 : 3 : 2. The powder mixture was sintered by HIP technique 
at 1,800 °C under a pressure of 300 kg/cm 3 for 30 minutes in N 2 gas atmosphere. The resulting sintered article was 
shaped into a tip for cutting tool. 

On portions of the tip where cutting participate, an intermediate layer of TiN (2 u rn) was deposited by CVD technique 
and then TiN layer (2.5 nm) and AIN layer (2.4 nm) were deposited alternately by the same method as Example 2 to 
obtain ultrafine particle-layered film (thickness of 7.9 urn). Operation was carried out in the apparams shown in Fig. 5. 

The resulting tips were evaluated by cutting test in which a round steel rod (FC25) was cut along its periphery at a 
cutting speed of 300 mm/min, a depth of cut of 3 mm, a feed of 0.4 mm per revolution for 15 minutes in dry condition to 
obtain following flank wear width (mm). 



Tip tested (silicon nitride sintered body) 


Flank wear width (mm) 


having no ultrafine particle -layered film 


0.185 


having ultrafine particle-layered film 


0.112 



Example 7 

A aluminium oxide-titanium carbide sintered body was prepared from a powder mixture of aluminium oxide powder, 
titanium carbide powder and yttrium oxide powder mixed at proportions by volume of 70 : 29.5 : 0.5. The powder mixture 
was sintered at 1 ,800 °C for 30 minutes. The resulting sintered article was shaped into a tip for cutting tool. 

On portions of the tip where cutting participate, an intermediate layer of TiN (3 u.m) was deposited by PVD technique 
and then TiN layer (2.5 nm) and AIN layer (2.4 nm) were deposited alternately (lamination cycle is 2.4 nm) by the same 
method as Example 2 to obtain ultrafine particle-layered film (thickness of 6.1 \im). Operation was carried out in the 
apparatus shown in Fig. 5. 

The resulting tips were evaluated by cutting test in which a round Inconel rod (aging treated material: HRC45) was 
cut along its periphery at a cutting speed of 400 mm/min, a depth of cut of 1 .0 mm, a feed of 0. 15 mm per revolution for 
10 minutes in wet condition to obtain following flank wear width (mm). 



Tip tested (aluminium oxide-titanium carbide sintered body) 


Flank wear width (mm) 


having no ultrafine particle-layered film 


0.215 


having ultrafine particle-layered film 


0.098 



Claims 

1. Ultrafine particle-layered film, characterized in that said film has more than two layers of at least two compounds 
consisting mainly of carbide, nitride, carbonitride or oxide of at least one element selected from a group consisting 
of I Va group elements, Va group elements, Via group elements, Al, Si and B, and that each layer is made of ultrafine 
particles. 

2. Ultrafine particle-layered film set forth in claim 1 wherein a thickness of each layer is in a range of 1 nm to 1 00 nm. 

3. Ultrafine particle-layered film set forth in claim 2 wherein the thickness of each layer is in a range of 1 nm to 50 nm. 

4. Ultrafine particle-layered film set forth in claim 3 wherein a thickness of each layer is in a range of 1 nm to 10 nm. 

5. Ultrafine particle-layered film set forth in claim 1 or 2 wherein the particle sizes of each layer are in a range of 1 
nm to 100 nm. 

6. Ultrafine particle-layered film set forth in any one of claims 1 to 3 and 5 wherein the particle sizes of each layer 
are in a range of 1 nm to 50 nm. 

7. Ultrafine particle-layered film set forth in any one of claims 1 to 6 wherein the particle sizes of each layer are in 
a range of 1 nm to 10 nm. 
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8. Ultrafine particle-layered film set forth in any one of claims 1 to 7 wherein layers of at least two compounds are 
laminated alternately and repeatedly. 

9. Ultrafine particle-layered film set forth in any one of claims 1 to 8 wherein at least one layer is made of a compound 
5 whose crystal structure is cubic system and at least another one layer is made of a compound whose crystal structure 

is not cubic system and/or is amorphous. 

10 Ultrafine particle-layered film set forth in claim 9 wherein at least one layer is made of a compound whose crystal 
structure is cubic system and at least another one layer is made of a compound whose crystal structure is hexagonal 
10 system. 

11. Ultrafine particle-layered film set forth in claim 9 or 10 wherein said compound whose crystal structure is cubic 
system is nitride, carbide or carbonitride containing at least one element selected from a group comprising Ti, Zr, 
Cr, V, Hf, Al and B. 

15 

1 2. Ultrafine particle -layered film set forth in any one of claims 9 to 1 1 wherein said compound whose crystal structure 
is not cubic system and/or is amorphous is nitride, carbide or carbonitride containing at least one element selected 
from a group comprising Al ( Si and B. 

20 13. Ultrafine particle-layered film set forth in claim 12 wherein said compound is AIN. 

14. Ultrafine particle-layered film set forth in any one of claims 1 to 13 wherein a composition modulated layer in 
which composition change gradually and continuously is interposed between adjacent two layers. 

25 15. A hard composite material for tool coating, characterized in that said tool has said ultrafine particle-layered film 

set forth in any one of claims 1 to 1 4 on at least a portion of surface of a substrate of said tool where cutting is effected. 

1 6. The material set forth in claim 1 5 wherein said substrate is a CBN sintered body containing more than 20 % by 
volume of cubic boron nitride (CBN), diamond sintered body containing more than 40 % by volume of diamond, 

30 silicon nitride sintered body or aluminium oxide-titanium carbide sintered body. 

17. The material set forth in claim 15 wherein said substrate is cemented carbide, cermet or high speed steel. 

18. The material set forth in any one of claim 15 to 17 wherein a thickness of said ultrafine particle-layered film is 
35 0.5 u,m to 15 um 

1 9. The material set forth in claim 1 8 wherein said substrate is a CBN sintered body containing 30 to 90 % by volume 
of cubic boron nitride (CBN), reminding part of said CBN sintered body being a binder consisting of at least one 
member selected from a group comprising nitride, carbide, boride and oxide of I Va, Va and Via elements and their 

40 solid solutions and aluminium compounds and inevitable impurities. 

20. The material set forth in claim 19 wherein said binder comprises 50 to 98 % by weight of at least one member 
selected from a group comprising TiC, TiN, TiCN, (TiM)C, (TiM)N and (TiM)CN in which M is a transition metal 
selected from I Va, Va nd Via elements except Tl, and 2 to 50 % by weight of aluminium compound. 

45 

21. The material set forth in claim 20 wherein said binder consists of 50 to 98 % by weight of TiN, 2 to 50 % by 
weight of aluminium compound and inevitable impurities. 

22. The material set forth in claim 21 wherein said substrate is a CBN sintered body containing 40 to 95 % by volume 
so of cubic boron nitride (CBN), remaining part of said CBN sintered body being a binder selected from a group com- 
prising TiN, boride or carbide of Co or W, aluminum nitride and their solid solutions and inevitable impurities. 

23. The material set forth in claim 18 wherein said binder contains 1 to 50 % by weight of TiN and at least one 
member selected from a group comprising boride and carbide of Co or W, aluminum nitride, aluminum boride and 

5S their solid solutions. 

24. The material set forth in claim 18 wherein said substrate is a CBN sintered body containing more than 90 % by 
volume of cubic boron nitride (CBN), reminding part of said CBN sintered body being a binder comprising boride of 
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la or lla elements, TiN and inevitable impurities. 

25. The material set forth in claim 24 wherein said binder contains 1 to 50 % by weight of TiN and boronitride of la 
or lla elements. 

26. The material set forth in claim 18 wherein said substrate is a diamond sintered body containing 50 to 98 % by 
volume of diamond, remaining part of said sintered body being iron family element and inevitable impurities. 

27. The material set forth in claim 18 wherein said substrate is a diamond sintered body containing 60 to 95 % by 
volume of diamond, reminding part of said sintered body comprising iron family element, at least one carbide or 
carbonitride of IVa, Va and Via elements, WC and inevitable impurities. 

28. The material set forth in claim 27 wherein said remaining part of said diamond sintered body comprises Co, 
TiC, WC and inevitable impurities. 

29. The material set forth in claim 18 wherein said substrate is a diamond sintered body containing 60 to 98 % by 
volume of diamond, remaining part of said diamond sintered body comprising silicon carbide, silicon, WC and inev- 
itable impurities. 

30. The material set forth in claim 1 8 wherein said substrate is a sintered body containing more than 90 % by volume 
of silicon nitride, reminding part of said sintered silicon nitride body comprising at least one member selected from 
a group comprising aluminum oxide, aluminum nitride, yttrium oxide, magnesium oxide, zirconium oxide, hafnium 
oxide, rear earth elements, TiN and TiC and inevitable impurities. 

31. The material set forth in claim 18 wherein said substrate is a sintered body made of 20 to 80 % by volume of 
aluminum oxide and 75 to 15 % by volume of titanium carbide, remaining part of said sintered silicon nitride body 
comprising oxide of at least one element selected from a group comprising Mg, Y, Ca, Zr, Ni and Ti and inevitable 
impurities. 
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